The diversity of plant morphology is evident in the environment all around us, yet plant cells are bounded by a rigid cell wall that prevents cell migration. Consequently, the diversity of plant form is generated by a process of carefully regulated cell division and expansion. The plant cell wall has a pivotal role in regulating cell expansion [1] , but it also represents the first line of defense against pathogens. Hence the plant cell must detect and interpret a diverse set of signals from its wall in order to undergo the appropriate growth response. In a recent issue of Current Biology, Hé maty et al. [2] describe the identification of an important component of this cell wall-monitoring pathway. Using a genetic approach, they were able to identify a plasma membrane receptor-like kinase which appears likely to monitor and interpret signals that reflect plant cell wall integrity.
The primary plant cell wall is synthesised as the cell expands and is designed to resist the turgor pressure generated within the cell [1] . It is composed of a mix of complex carbohydrates of which cellulose is the most abundant. The synthesis of cellulose occurs at the plasma membrane by a very large enzyme complex that simultaneously makes 36 chains of b(1-4) glucose [3] . These chains bond together and form highly orientated cellulose microfibrils within the walls of growing cells. Cellulose microfibrils are frequently referred to as acting like the coils of a spring, causing expanding cells to enlarge, not equally in all directions, but along an axis perpendicular to the orientation of cellulose microfibril deposition. In primary cell walls these microfibrils are cross-linked by another class of carbohydrates known as hemicellulose. Together, this network forms the major load-bearing component of the wall (Figure 1) . Following cell division, plant cells are able to expand to many times their original volume by a carefully regulated process that involves the loosening of the cell wall. Interestingly, the very large increases in cell wall area do not result in the wall becoming thinner, suggesting cell expansion is carefully matched by cell wall synthesis.
In organisms such as yeast, genetic studies have revealed a sophisticated signalling pathway that senses and reacts to signals from the cell wall [4] . The equivalent pathway in plants has been much less well characterised. It has been known for some time that cellulose-deficient mutant plants are shorter than normal as a result of their cells bulging out, rather than elongating in the proper direction [5] . This was assumed to be the normal consequence of a weakened cell wall that lacks functional cellulose microfibrils to direct proper cell elongation. Two other mutants, however, have shown that cellulose defects trigger a specific signal: eli1, isolated as mutant exhibiting ectopic lignin deposition; and cev1, which constitutively expresses a jasmonic acid-responsive gene. Both these mutants turn out to result from mutation of a catalytic subunit of the cellulose synthase complex [6, 7] . The short hypocotyls and roots in cev1 could be suppressed by crossing in the coi mutation, which confers insensitivity to the plant signalling compound jasmonic acid [8] . The data all point to these phenotypes being generated as a result of the plant's specific response to an alteration in its cell wall. Until the work of Hé maty et al. [2] , however, there was no information on how the plant might sense defects in the cell wall.
The cellulose synthase complex is unusual in that it requires at least three related catalytic (CESA) subunits to synthesize a microfibril [9] . While mutations in some CESA genes generate very severe phenotypes, Hé maty et al. [2] were able to exploit the phenotype of the weakly cellulose-deficient prc mutant, which exhibits no phenotype when grown in the light. When grown in the dark, however, prc seedlings elongate much less than wild type and exhibit distinctive short hypocotyls [10] . Hé maty et al. [2] screened for suppressor mutants of this short hypocotyl phenotype and were able to identify two alleles of the theseus (the) locus, named after the hero from Greek mythology who slayed Procuste. The typical loss of elongation in many cell wall mutants seems at least partly to reflect an active response to the defect, rather than just being a mechanical inevitability, because the was able partially to suppress the growth phenotype of prc, as well as that of the two mutants eli1-1 and rsw1-10 with defects in two other catalytic subunits of the cellulose synthase complex [5, 6] . Overexpression of THE in a prc or eli1-1 background enhanced the phenotype of the original mutations. Furthermore, the was able to suppress the ectopic lignification phenotype of prc, but not the effects of the bot mutation, which leads to altered cell expansion as a result of defects in the organisation of the cytoskeleton [11] . Map-based cloning of the THE gene showed that it encodes a predicted receptor-like kinase, localised at the plasma membrane. All these observations are consistent with the THE protein playing a role in sensing cell wall integrity and activating a signaling pathway that results in a quite specific but pleiotrophic growth response (Figure 1) .
To address the question of whether THE is involved in coupling cell growth to cell expansion, Hé maty et al. [2] carried out microarray analysis on the different combinations of wild type, prc and prc; the double mutants from carefully selected time points. They identified 30 up-regulated, and six down-regulated genes that exhibited expression patterns consistent with their being regulated by the putative THE-based signaling pathway. Interestingly, genes with potential roles in plant defense represented a major group. So is THE-based signaling required to coordinate cell wall deposition with cell expansion, or to monitor cell wall changes that result from pathogen invasion? These two possibilities could be different sides of the same coin since localised cell wall weakening caused by pathogen directed degradation and rapid cell expansion may lead to similar cell wall stresses that are both sensed by THE.
The work to date on this issue raises more questions than it answers. What is the nature of the signal perceived by THE? Hé maty et al. [2] suggest a number of possibilities, including monitoring the cellulose synthase complex or the structure of the cellulose microfibril, as well as localised cell wall stress. The answer to these questions may have a bearing on the question of whether THE has a role in normal development. The the phenotype is only apparent in the mutants with altered cell walls. If THE has a role in coordinating cell growth with cell expansion during normal cell expansion, its mutation should cause a phenotype in the absence of cell wall damage. To date no such phenotype is apparent. Furthermore, it is unclear if it is THE that activates jasmonate production in response to cell wall damage, a response which is also able to suppress the affect of cellulose-deficient mutants [8] . While transcript profiling may give some insight into relatively long-term changes associated with THE-mediated signaling, were it to have a role in coordinating cell wall synthesis with cell expansion it is likely that shorter-term signaling would modulate the activity of cell wall biosynthetic enzymes. As yet no data are available on any posttranslational changes that may be regulated by THE. The identification of THE represents an important step in understanding how plants monitor cell wall integrity to regulate their growth and should provide an excellent foundation to further dissect this signaling pathway. The main load bearing element of the wall is a network of a highly ordered cellulose microfibrils (blue) cross-linked with hemicellulose (green). Growth occurs when this network is loosened to allow cell expansion. The THE receptor-like kinase monitors the integrity of this network and when it is perturbed activates a signal transduction pathway.
